This paper introduces an immunogold silver staining procedure for the identification of human lymphocyte subpopulations in optical microscopy. The described procedure is performed on cells in suspension (peripheral mononuclear cells or blood bufTy-coat cells) and uses conventional antilymphocytic monoclonal antibodies (OKT3, OKT4, OKT8, OKIal) followed by gold-labeled secondary antibodies (GAM G30 or G40) and silver sensitization. It ends with the preparation of permanent records (smears or cytocentrifuge preparations) which are counterstained with standard panoptic Wright or May-Griinwald Giemsa stain. In all cases, the surface antigens appear as numerous black dots on the lymphocytes, with a strong labeling reaction that allows one to clearly distinguish between negative and positive cells. The comparison with immunofluorescence microscopy in normal individuals and in patients indicates that this new immunostaining technic is specific and more sensitive. It has the advantages of using small amounts of blood (1 mL per test), of being rapid (three hours), and of allowing the simultaneous immunophenotypic and morphologic evaluation on smears. This makes it suitable for the analysis of other biologic specimens not already accessible with immunofluorescence. The labeled preparations apparently can be stored indefinitely, and are thus useful for longitudinal studies in the same patient. Finally, the method does not require sophisticated equipment and may be subjected to automated analysis.
not allow the simultaneous assessment of the cellular morphology and the immunologic phenotype in a single preparation. This problem is becoming of special relevance when immunologic investigations are used for cell characterization.
For this reason, we describe here an immunogold silver staining (IGSS) procedure that uses conventional monoclonal antibodies and immunoglobulin absorbed to colloidal gold probes as second layer. These immunogold reagents already have proven to be effective in both electron 10 " 1315 - 21 and light microscopy. 25 " 8 - 22 ' 24 The immunogold staining subsequently is amplified by a silver precipitation reaction, 3 -412 which increases the density and therefore the visibility of the label under light microscopy. This method is specific and extremely sensitive when compared to immunofluorescence microscopy (IF). It has the additional advantage of allowing accurate cell morphology recognition in association with the cell surface phenotype in panoptic stained permanent preparations.
Materials and Methods

Patients and Samples
EDTA or heparin anticoagulated peripheral blood samples were obtained from 10 healthy subjects and from 56 patients (miscellaneous diseases) who had been referred to the Immunology Department. They included 27 immunosuppressed transplanted patients, 12 patients with hematologic diseases (3 with multiple myeloma, 3 with leukemia, 1 with lymphoma, 1 with thrombocythemia, 2 with thrombocytopenia, 1 with Waldenstrom, and 1 with myelofibrosis); 4 patients with multiple sclerosis; 1 patient with sarcoidosis; 1 patient with Reiter's syndrome; 1 patient with diabetes; and 10 patients with various immunologic disorders.
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Antibodies
Details of the mouse anti-human monoclonal antibodies used in this study are given in Table 1 . Fluorescein isothiocyanate (FITC) conjugated goat F(ab')2 anti-mouse Ig antibodies were purchased from Ortho Diagnostic System (Raritan, NJ). Colloidal, gold-labeled goat antimouse Ig antibodies (GAM G30 and G40) were generously given by Janssen Pharmaceutica, Life Science Products Division, Beerse, Belgium.
Immunostaining Procedures
Immunofluorescence Microscopy (IF) . Mononuclear cells (MNC) were isolated from heparinized venous blood by Ficoll-Hypaque® density gradient centrifugation. The mononuclear cell layer was recovered, washed three times in Hank's balanced salt solution (HBSS; Gibco Europe) and diluted to a final concentration of 5 FIG. 1. Simplified scheme illustrating the IGSS method. Membrane antigens are recognized by appropriate monoclonal antibodies (mouse anti-human in this case) which, in turn, react with colloidal goldlabeled secondary antibodies (goat anti-mouse G30). The Immunogold staining is subsequently amplified with a silver precipitation reaction which results in the formation of metallic silver shells around each gold probe.
X 10
6 /mL in RPMI 1640 (Gibco). MNC (5 X 10 5 cells) were incubated with 5 pL of the monoclonal antibody (30 minutes at 4 °C), washed twice in cold (4 °C) PBS-BSA (1%), and further reacted with 50 nL of a 1/35 dilution of fluoresceinated goat anti-mouse Ig. After a 30-minute incubation at 4 °C, cells were washed twice as previously described, and resuspended in one drop of buffered glycerol. Preparations were examined under a Leitz orthoplan microscope, and 200 lymphocyte-like cells were counted for each specimen. Monocytes were excluded from the count by morphologic criteria using phase microscopy. The nonspecific fixation of the second layer was evaluated by omitting the monoclonal antibody in the control procedure.
Immunogold Silver Staining (IGSS).
Peripheral blood, buffy-coat cells (BC) were isolated from EDTA venous blood using Wintrobe tubes (10 minutes, 700 X g) and the cells were separated from the autologous plasma. 24 MNC were isolated as described above (see IF section). MNC, 5 X 10 5 , or 20 juL BC were incubated with the monoclonal antibody (5 nL, 30 min at 4 °C) and washed twice in PBS-BSA (1%), heat-inactivated human AB serum (2%). Sodium azide was excluded from the washing buffer to prevent overcounterstaining of the preparations. Cells were further incubated with 20 /uL of GAM G30 or G40 (30 minutes at room temperature), washed twice in buffer for MNC or one time in buffer, and then in 100 nL of the autologous plasma for BC.
Buffy-coat smears (Miniprep®, Geometric Data) or cytocentrifuge preparations (MNC) were prepared and fixed in 1% glutaraldehyde (Sigma, St. Louis, MO) in absolute ethanol for 10 minutes at room temperature, and washed briefly in running tap water. Silver staining was performed according to the method of Danscher, 3 ' 412 except that the preparations were not coated in gelatin, nor exposed to ultraviolet light before development. Slides were developed in the silver mixture (Gum arabicfluka 51,200; hydroquinone-fluka 53,960; silver lactatefluka 85,210; citric buffer) in complete darkness. After a 40-minute incubation at room temperature, the preparations were washed briefly in running tap water, airdried, and counterstained with standard May-Griinwald Giemsa or Wright stain. The percentage of positively labeled lymphocytes were evaluated by scoring 200 cells by light microscopy. In order to check the specificities of the immunogold reagent and the silver reaction, the monoclonal antibody was omitted in each control experiment. A schematic representation of the IgSS method is shown in Figure 1 .
Specificity Study: Fluorescence-Activated "Negative" Cell Sorting
The specificity of the IGSS method was investigated by the following experimental protocol. Peripheral mononuclear cells of a healthy young adult were isolated and divided into two fractions. Fraction 1 (10 X 10 6 MNC in 2 mL RPMI) was incubated with a mixture of OK.T8, Leu-M3, and Bl anti-sera (50 nL each), and fraction 2 (15 X 10 6 MNC in 3 mL RPMI) with OKT4, Leu-M3, and Bl anti-sera (75 piL each). Indirect immunofluorescence was performed as previously described (see IF section) using, respectively, 1 mL (fraction 1) and 1.5 mL (fraction 2) of a 1/35 dilution of GAM-FITC. Specimens were then cell sorted using an Ortho Cytofluorograph system H50 connected to a Data General MP/200 microprocessor (Ortho Instruments, Westwood, MA).
Negative cells were collected and analyzed one more time in flow cytometry to assess the sorting efficiency (percentage of fluorescent-positive cells among selected negative cells). Sorted fraction 1 (T-helper/inducer + null cells) and fraction 2 (T-suppressor/cytotoxic + null cells) were then analyzed by the IGSS procedure for staining with OKT4 and OKT8 antisera.
Statistics
The significance of differences between IGSS and immunofluorescence values was tested using the Student's Mest for paired data.
Results
Comparison of IGSS versus IF: Labeling of Normal Samples
The percentages of T-cells (OKT3 + ), T-helper/inducer cells (OKT4 + ), T-suppressor/cytotoxic cells (OKT8 + ), and activated T-cells (Ia + ) were determined simultaneously by both methods in the peripheral blood of ten normal adults. Individual values are given in Table 2 , and mean percentages (x) as well as standard deviations (SD) are reported in Table 3 .
Figures 2-5 show representative areas of IGSS-stained blood films for each monoclonal antibody. In all cases, the cell labeling is very strong. Positive cells exhibit numerous black dots (capping images being frequently observed) that contrast clearly with unlabeled cells (none or less than three dots observed on the celi). Control preparations show no positivity, indicating that nonspecific staining does not occur. The morphologic features, as well as the staining properties of the cells, are not altered. Good contrast between the silver staining reaction (black) and the panoptic counterstain (red/blue) is observed. As shown in Table 2 , the sum between the percentages of T-helper/inducer and T-suppressor/cytotoxic lymphocytes closely approximated the percentages of total T-cells detected in both methods. Table 3 ).
Analysis of Pathologic Samples
In order to assess IGSS and IF in pathologic situations, T-lymphocytes and their subsets were also analyzed in 56 patients with miscellaneous diseases.
As shown in Table 4 , significant differences between IGSS and IF were found for all markers (P<0.01), except for OKT4/OKT8 ratios, which remained unchanged (1.95 -IGSS vs. 1.94 -IF, P > 0.05). The mean of differences between IGSS and IF values were 7.4% for OKT3, 4.6% for OKT4, 3.1% for OKT8, and 2.7% forOKIal.
Comparison of individual values (detailed for ten patients in Table 5 ) also indicates that the IGSS method could detect abnormalities in circulating lymphocyte subpopulations. In the same experiment, 13 of the 56 patients were studied using IGSS on both peripheral mononuclear cells (MNC) and buffy-coat samples (BC 
Specificity Study
Since a small but statistically significant discrepancy was observed between IGSS and IF in healthy people and in patients, the specificity of the method was .  FIG. 6 (upper) . OKT4 staining of sorted T-helper/inducer lymphocytes (X320) .  FIG. 7 (lower) . OKT8 staining of sorted T-suppressor/cytotoxic lymphocytes (X320). The percentage of positive lymphocytes in the peripheral blood (MNC) of a healthy adult was determined using serial dilutions of primary antiserum. *W: dilution from which weak staining was observed. OKT3 l/l = 25 ng/mL; OKT4 l/l = 50 jig/mL; OKT8 l/l = 100 Mg/mL; OKIal l/l = 60 ng/mL.
analyzed further on T helper/inducer and T suppressor/ cytotoxic lymphocytes isolated by fluorescence-activated "negative" cell sorting (the detailed method is described in the Specificity study section under methods). The sorting efficiency, defined by the percentage of remaining fluorescent cells among selected negative cells and estimated by flow cytometry analysis (5,000 cells counted) was 4.76% for the T-helper/inducer subpopulation and 3% for the T-suppressor/cytotoxic sample.
The immunogold silver staining of sorted helper/ inducer lymphocytes stained 90% of the cells with OKT4, whereas only 2% of the cells reacted with OKT8 (Fig. 6) . Likewise, suppressor/cytotoxic lymphocytes stained strongly with OK.T8 (93%), and weakly with OKT4 (2%) (Fig. 7) .
The control values were always less than 2% in both experiments. This pattern of reactivity clearly demonstrates the specificity of the IGSS method.
Sensitivity Study
In order to compare the sensitivity of the IGSS procedure to that of immunofluorescence, peripheral mononuclear cells of a healthy adult were incubated with serial dilutions of primary antisera ranging from l/l to 1/80 (Fig. 8) .
As shown in Figure 8 , the staining intensity, and, therefore, the percentage of positive lymphocytes, rapidly declines in immunofluorescence with a final dilution of 1/5 for OKT3, 1/10 for OKT4, 1/10 for OKT8, and 1/ 20 for OKIal. In contrast, the IGSS method still yields reproducible results even at high dilutions of the monoclonal antibody: 1/80 for OKT3, 1/40 for OKT4, 1/80 for OKT8, and 1/80 for OKIal.
Discussion
The results presented in this study clearly show the practical advantages of using the IGSS method for antigen detection. The described procedure is simple and rapid (less than three hours). It only requires standard laboratory equipment and small volumes of blood (1 mL per test) for its completion. Thus, it provides a microtechnic in various pathologic conditions (e.g., repeated analysis in the same patient, screening of pediatric patients). Applied on cells in suspension, this method uses conventional monoclonal antibodies followed by gold-labeled secondary antibodies and silver sensitization. This last step was performed according to the method of Danscher. 3,4 The physical developer contains four ingredients: hydroquinone (the reducing agent), silver lactate (silver ion supply), acacia powder (the protecting colloid), and citric buffer. In the presence of hydroquinone, colloidal gold particles catalyze the reduction of silver ions to metallic silver on their surfaces. Each gold probe is therefore progressively encapsulated in a shell of metallic silver. In the present paper, consistent staining is obtained after a 40-minute incubation. However, the developing time has to be adjusted for each application in order to obtain the requisite pattern of reactivity (light or strong labeling). In consequence, the label is more visible with a light microscope, and the sensitivity is enhanced when compared to immunofluorescence 7 and immunogold staining. 24 This confirms the observation made by Holgate and coworkers in a previous report regarding IGSS on tissues. 12 Thus, IGSS allows the detection of much smaller quantities of antigens and the use of more diluted primary antisera. This may be interesting economically, since monoclonal antibodies remain very expensive reagents.
Another important feature lies in the quality of the preparations. As shown in Figures 2-5 , the cellular morphologic features are well preserved, and cell identification is greatly facilitated by the panoptic counterstain. This avoids the need for additional cytochemical reaction (e.g., endogenous peroxidase) for monocytes and granulocytes exclusion 7, 8 and thus, appears to be a major advantage in the study of normal or malignant cells. In addition, the positivity is clearcut and records are permanent. Stability may be important in reexamining the smears of patients with hematologic diseases. suppressor/cytotoxic T-lymphocytes surrounding a neutrophil and a negative lymphocyte (X320).
Finally, although GAM G30 was mainly used in all the experiments, it should be mentioned that GAM G40 gave similar results, as it was already the case with the immunogold staining method. 24 All of these features make cell counting easy and accurate. It is likely that IGSS may become compatible with automated analysis by computerized systems (Hematrak® equipped with the Immunology Module for Immunogold® technic, Geometric Data, Wayne, PA), eliminating the tedium of manual cell counting and allowing the analysis of large numbers of blood samples.
On the other hand, the simultaneous assessment of the morphology and the cell surface phenotype and the low number of cells needed allow IGSS to be used in the screening of other biologic specimens that are difficult to analyze by fluorescence (e.g., renal graft aspirate (Fig. 9) .
Although IGSS still involves preliminary cell separation (buffy-coat), attempts are now underway to apply this procedure directly on fixed smears. Versatile, rapid and inexpensive, this new immunostaining technic is thought to serve as a multipurpose technical approach.
